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I. INTRODUCTION
The repetitive control system is a type of servomechanism for periodic reference input. That is, the repetitive control system follows the periodic reference input without steady state error, even if a periodic disturbance or uncertainty exists in the plant [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . It is difficult to design stabilizing controllers for the plant, because the repetitive control system follows any periodic reference input without steady state error is a neutral type of time-delay control system [11] . In order to design a repetitive control system that follows any periodic reference input without steady state error, the plant needs to be biproper [3] [4] [5] [6] [7] [8] [9] [10] [11] . In practice, the plant is strictly proper. Many design methods of repetitive control systems for the strictly proper plants are given [3] [4] [5] [6] [7] [8] [9] [10] [11] . These studies are divided into two types. One uses a low-pass filter [3] [4] [5] [6] [7] [8] [9] [10] and the other uses an attenuator [11] . The latter is difficult to design because it uses a state variable time-delay in the repetitive controller [11] . The former has a simple structure and is easily designed. Therefore, the former type of repetitive control system is called the modified repetitive control systems [3] [4] [5] [6] [7] [8] [9] [10] .
Using the modified repetitive controllers in [3] [4] [5] [6] [7] [8] [9] [10] , even if the plants does not include time-delay, the transfer function from the periodic reference input to the output and that from the disturbance to the output generally have an infinite number of poles. When the transfer function from the periodic reference input to the output and that from the disturbance to the output have an infinite number of poles, it is difficult to specify the input-output characteristic and the disturbance attenuation characteristic. From the practical point of view, it is desirable that the input-output characteristic and the disturbance attenuation characteristic are easily specified. In order to specify the input-output characteristic and the disturbance attenuation characteristic easily, the transfer function from the periodic reference input to the output and that from the disturbance to the output are desirable to have a finite number of poles. Yamada et al. proposed the concept of simple repetitive control systems such that the controller works as a modified repetitive controller and the transfer function from the periodic reference input to the output and that from the disturbance to the output have a finite number of poles [16] . In addition, Yamada et al. clarified the parametrization of all stabilizing simple repetitive controllers. However the method by Yamada et al. [16] cannot be applied for time-delay plants.
In this paper, we propose the parametrization of all stabilizing simple repetitive controllers for time-delay plants.
II. SIMPLE REPETITIVE CONTROL SYSTEMS AND PROBLEM

FORMULATION
Consider the unity feedback control system in
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is the disturbance and r ∈ R(s) is the periodic reference input with period T > 0 satisfying
L is assumed to satisfy T ≥ L. According to [3] [4] [5] [6] [7] [8] [9] [10] , when the plant G(s)e −sL has an uncertainty, in order for the output y to follow the periodic reference input r with period T with small steady state error, the controller C(s) must have following structure
whereĈ(s) andC(s) are controllers and q(s) ∈ R(s) is a proper low-pass filter satisfying q(0) = 1. The controller C(s) in (3) is called by the modified repetitive controller [3] [4] [5] [6] [7] [8] [9] [10] . Using the modified repetitive controller C(s) in (3), the transfer function from the periodic reference input r to the output y and that from the disturbance d to the output y in (1) generally have an infinite number of poles. When the transfer function from the periodic reference input r to the output y and that from the disturbance d to the output y have an infinite number of poles, it is difficult to specify the input-output characteristic and the disturbance attenuation characteristic. From the practical point of view, it is desirable that the input-output characteristic and the disturbance attenuation characteristic are easily specified. In order to specify the input-output characteristic and the disturbance attenuation characteristic easily, the transfer function from the periodic reference input r to the output y and that from the disturbance d to the output y are desirable to have a finite number of poles. The problem considered in this paper is to propose the parametrization of all stabilizing simple repetitive controllers for time-delay plant G(s)e −sL . That is, we find all stabilizing simple repetitive controllers written by the form in (3) to make the transfer function from the periodic reference input r to the output y in (1) and that from the disturbance d to the output y in (1) have a finite number of poles.
III. CONTROLLER STRUCTURE OF SIMPLE REPETITIVE CONTROLLERS FOR TIME-DELAY PLANTS
In this section, the controller structure of simple repetitive controllers defined in Definition 1 is clarified.
From Definition 1, since the transfer function from the periodic reference input r to the output y has a finite number of poles, the transfer function from the periodic reference input r to the output y in (1) 1, . . . , 3) . Using the controller C(s) in (3), on the controller C(s) in (3) to make the transfer function from the periodic reference input r to the output y be written as (4), following proposition is satisfied. Proposition 1: In order for the controller C(s) in (3) to make the transfer function from the periodic reference input r to the output y be written as (4), the controller C(s) in (3) has the structure in
where
Since the controller C(s) is written by (3), the transfer function from the periodic reference input r to the error e = r − y in (1) is given by
From the assumption that the transfer function from the periodic reference input r to the output y is written by (4), the transfer function in (6) is equal to
From (6) and (7), we find that (6) is rewritten as the form in
where H(s) ∈ R(s) is an appropriate real rational function. This equation is rewritten as
s(T −L) + q(s)H(s) G(s) e
−sT
+ H(s)e
and
We have thus proved Proposition 1. 
IV. THE PARAMETRIZATION OF ALL STABILIZING SIMPLE REPETITIVE CONTROLLERS, WHEN G(s)
where Q(s) ∈ RH ∞ is any function. Proof: First, the necessity is shown. From Proposition 1, the controller C(s) to make the transfer function from the periodic reference input r to the output y be in (4) is written by (5) . This implies that simple repetitive controller C(s) defined in Definition 1 is written by (5) . Therefore, we show that if the simple repetitive controller C(s) written as the form in (5) works as a modified repetitive controller, then the controller C(s) is written by (14) . From the assumption that the controller C(s) in (5) makes the transfer function from r to y of the control system in (1) have a finite number of poles,
C(s)G(s)e
−sL
+ C(s)G(s)e
has a finite number of poles. This implies that
Substituting (16), (17) and (18) for (5), C(s) must take the form
From the assumption that C(s) in (5) makes the control system in (1) stable,
are stable. From simple manipulation and (19), we have
It is obvious that the necessary condition that the transfer functions in (20), (21), (22) and (23) are stable is (14) . Thus, the necessity has been shown. Next, the sufficiency is shown. That is, we show that if C(s) is written by (14) , then the controller C(s) makes the control system in (1) stable and makes the transfer function from the periodic reference input r to the output y and that from the disturbance d to the output y of the control system in (1) have a finite number of poles. After simple manipulation, we have
From the assumption that G(s) is stable and Q(s) ∈ RH ∞ , the transfer functions in (24), (25), (26) and (27) 
. . , n; j = 1, . . . , n). Under these assumptions, the parametrization of simple repetitive controller is written by
where 
VII. CONCLUSION
In this paper, we proposed the concept of simple repetitive controllers for time-delay plants and clarified the parametrization of all stabilizing simple repetitive controller for both stable time-delay plants and unstable time-delay plants.
